The species-rich ciliate genus Frontonia comprises more than 40 nominal species and can be found frequently in marine, brackish and freshwater habitats (Fokin, 2008; Kahl, 1931; Long et al., 2008) . However, many species are lacking detailed studies and consequently are poorly defined. Species identification of Frontonia relies on a combination of features including the oral and somatic infraciliature, the contractile vacuole (position within cell, number of pores, presence of canals, etc.), the number of macronuclear nodules and the habitat (Dragesco & Dragesco-Kernéis, 1986; Foissner et al., 1994; Fokin, 2008; Long et al., 2005 Long et al., , 2008 . Recent investigations of Chinese coastal waters have revealed a high diversity of marine free-living ciliates, in both sandy sediments of northern China and mangrove wetlands of southern China (Fan et al., 2009; Liu et al., 2009; Miao et al., 2009; Wang et al., 2008 Wang et al., , 2009 . During faunistic surveys of ciliates in intertidal regions of both these habitats, two unusual morphotypes were isolated. Following detailed investigations and comparisons with known species, we conclude that these are novel members of the genus Frontonia. In addition, their small subunit (SSU) rRNA genes were sequenced. The main aims of this paper are to document the morphology of each species and to determine their phylogenetic relationships based on SSU rRNA gene sequence data.
Frontonia mengi spec. nov. was collected from a sandy beach at Qingdao, northern China (36 u 039180 N 120 u 209 370 E), on 18 November 2008, when the water temperature was about 13 u C and the salinity about 29 %. Frontonia magna spec. nov. was collected from a mangrove wetland in Shenzhen, southern China (22 u 319 310 N 114 u 009 150 E), on 9 April 2008, when the water temperature was about 25 u C and the salinity about 16 %. In both cases, sand (top 5 cm layer) or sediment plus seawater was taken from the site. Cells of Frontonia were picked out using a micropipette under a dissecting microscope. Live ciliates were observed using differential interference contrast microscopy. Protargol (Wilbert, 1975) , Chatton-Lwoff (Wilbert & Song, 2008) and silver carbonate (Ma et al., 2003) methods were used to reveal the infraciliature and argyrome. Drawings of impregnated specimens were made with the help of a camera lucida. Measurements were performed under magnifications of 6100 to 61250. Systematics and terminology are mainly according to Lynn (2008) .
Genomic DNA extraction, PCR amplification of the SSU rRNA gene, cloning and sequencing were performed according to Gong et al. (2009) . Primers used for SSU rRNA gene amplification were Euk A (59-AACCTGG-TTGATCCTGCCAGT-39) and Euk B (59-TGATCCTT-CTGCAGGTTCACCTAC-39) (Medlin et al., 1988) . Additional sequences were downloaded from the GenBank database (for accession numbers, see Fig. 6 ). Sequences were aligned using CLUSTAL W implemented in BioEdit 7.0 (Hall, 1999) . The alignment was then modified by removing both termini of the alignment and highly variable regions. Colpoda inflata and Bresslaua vorax were used as outgroup taxa. Maximum-parsimony (MP) trees were constructed with PAUP 4.0b 10 (Swofford, 2002) . Parameters for the MP trees were as follows: heuristic search, 100 random-addition sequences and TBR branchswapping. The reliability of internal branches was estimated by bootstrapping with 1000 replicates. A Bayesian Descriptions of two novel marine Frontonia species inference (BI) analysis was performed with MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) using the Markov chain Monte Carlo algorithm. The program was run for 1 000 000 generations with a sample frequency of 100 and a burn-in of 2500 (Yi et al., 2009) .
Taxonomic treatment
Subclass Peniculia Fauré-Fremiet in Corliss, 1956 Family Frontoniidae Kahl, 1926 Genus Frontonia Ehrenberg, 1838
Frontonia mengi spec. nov. (Figs 1, 2 Locomotion mainly by swimming moderately fast along substrate such as bottom of Petri dish or detritus. 
Descriptions of two novel marine Frontonia species
Buccal apparatus as shown in Figs 1(g) and 3(a-d), peniculi 1-3 about equal length, peniculi 1 and 2 each with five kinety rows, peniculus 3 with two rows. Paroral membrane double-rowed, located on right side of buccal cavity. Forty-eight to 60 somatic kineties, which form sutures in ventral midline and at both ends of cell (Figs 1h, i and 3h-j). Three vestibular kineties extending along the paroral membrane (Figs 1g and 3e) . Five postoral kineties, four of which terminate posterior of the three peniculi, the fifth one terminating posterior of the paroral membrane to the right of the cytopyge ( Fig. 1g, arrowhead; Fig. 3e ). Argyrome typical of genus (Fig. 1e, g ). One CV pore positioned on dorsal side at about level of posterior onethird of body (Figs 1i and 3f) . Etymology. The species-group name (L. fem. adj. magna great, large) recalls the conspicuously large body size of this morphotype.
Description. Body in vivo mostly about 3706200 mm, elliptical in outline with broad anterior end, posterior end slightly narrowed (Figs 4a and 5a) , ratio of length to width about 2 : 1, dorsoventrally flattened about 2 : 1 (Fig. 4b, c) . Body shape rather variable, probably due to the type and amount of algal food ingested (Figs 4e and 5a-c) . Buccal cavity long and narrow, positioned at anterior one-fifth of cell, occupying about 15 % of body length (Figs 4a and 5d ). Cytoplasm colourless, but often containing large amounts of ingested algae that may render cells dark brown in colour (Figs 4a, e, g and 5a-c, e, f). A few small (,8 mm), blue crystal granules distributed randomly in cytoplasm (Fig. 5e, f) . Macronucleus ellipsoidal, about 180680 mm. Probably a single micronucleus, but difficult to detect even in protargol-impregnated specimens (Figs 4d and 5k) . CV located on dorsal side at level of posterior one-third of cell (Fig. 4a, c) , about 10 mm in diameter, contracting at about 2-3 min intervals; two CV pores on left-ventral side ( Fig.  4b; CVP) . Extrusomes spindle-shaped, about 6 mm long (Fig. 5h) . Somatic cilia about 10 mm long. Locomotion usually by swimming slowly through sediments.
Buccal apparatus as shown in Figs 4(h) and 5(j), peniculi 1-3 about equal in length, each with four kinety rows. Double-rowed paroral membrane on right side of buccal cavity, inner row composed of densely arranged monokinetids, outer row composed of loosely arranged dikinetids. Five or six vestibular kineties with close-set dikinetids (Figs 4h and 5j ). About 200 somatic kineties (Figs 4f and 5g ). Anterior part of suture extending to dorsal side (Fig. 5g, i) . Four postoral kineties terminating anteriorly below the peniculi, several kineties shortened anteriorly along the outside of peniculus 1 (Fig. 4h) .
SSU rRNA gene sequences
The SSU rRNA gene sequences of both species have been deposited in GenBank with the length and G+C content as follows: Frontonia mengi, 1747 bp, 44.53 mol%; Frontonia magna, 1747 bp, 44.82 mol%.
Phylogenetic analyses
Trees constructed using different algorithms were almost identical; therefore, only the BI tree is shown (Fig. 6 ). Five major groups are recovered within the class Oligohymenophora. Four of them correspond to the four subclasses suggested in the classification system of Lynn (2008), namely Peniculia (1.00 BI, 99 % MP), Scuticociliatia (1.00 BI, 76 % MP), Peritrichia (1.00 BI, 100 % MP) and Hymenostomatia (1.00 BI, 100 % MP). The other group (1.00 BI, 100 % MP) corresponds to the recently established subclass Mobilia.
The subclass Peniculia is divided into two major clades: genus Lembadion and a clade comprising three genera, namely Paramecium, Apofrontonia and Frontonia. The latter is separated into the well-supported 'core' Frontonia clade (1.00 BI, 99 % MP) and a clade including Paramecium, Apofrontonia and Frontonia didieri. The Frontonia clade is divided into two main groups, one of which includes both novel species. As the BI tree shows, F. mengi branches as sister group with the Frontonia tchibisovae-Frontonia lynni clade, and F. magna forms a sister taxon to the branch comprising the above three congeners. In the MP tree (not shown), F. magna exchanges position with F. mengi and branches as sister taxon with the group of the F. tchibisovae-F. lynni clade and F. mengi. The other main group comprises Frontonia leucas, Frontonia vernalis and an unidentified morphotype, Frontonia sp.
Comparisons with congeners
It is widely accepted that the most important criteria for species identification and separation in Frontonia are the structure of peniculi 1-3 (which is especially divergent in peniculus 3), body size and shape, the number of somatic kineties, the position of the CV and the presence or absence of canals that drain into the CV, the appearance of the nuclear apparatus and the habitat (Foissner et al., 1994; Fokin, 2008; Gil & Pérez-Silva, 1964a, b; Long et al., 2005 Long et al., , 2008 Petz et al., 1995; Roque, 1961a, b) .
Frontonia mengi spec. nov. Based on its conspicuously elongate body shape, Frontonia mengi spec. nov. most closely resembles Frontonia pallida Czapik, 1979 and Frontonia microstoma Kahl, 1931 and can be readily separated from other congeners. Although F. mengi and F. pallida (Fig. 7a, b) share a number of features, such as the elongate body shape, clear endoplasm, small buccal field and the number of somatic kineties, the former can be separated from the latter by the following combination of characters: body length (200-300 vs 150-160 mm in F. pallida); the number of kinety rows in peniculi 1, 2, 3 (5, 5, 2 vs 4, 3, 2 in F. pallida); and the location of the CV (in posterior one-third vs in midbody region in F. pallida) (Dragesco & Dragesco-Kernéis, 1986 ).
F. mengi can also be clearly distinguished from F. microstoma Kahl, 1931 (Fig. 7d, e) by having a single CV with no canals (vs two CVs with associated canals in F. microstoma), fewer somatic kineties (48-60 vs 110-120 in F. microstoma) and a 2-rowed (vs 3-or 4-rowed) peniculus 3 (Carey, 1992; Roque, 1961a) . Kahl (1931) reported an aberrant Frontonia marina with an elongate body shape and an anterior region that curves slightly to the right, the infraciliature of which remains unknown (Fig. 7c) . However, F. mengi can be clearly separated from F. marina sensu Kahl, 1931 by its conspicuously smaller body size in vivo (250 vs 500 mm long) and the location of the CV in the posterior one-third of cell on the left margin (vs in mid-body region on right side) (Kahl, 1931 F. vesiculosa has a highly variable body size (188-900 mm long), a wide range of numbers of somatic kineties (140-250) and variable numbers of kinety rows in each peniculus (4-6), which make its circumscription rather imprecise (Dragesco & Dragesco-Kernéis, 1986 ). However, F. vesiculosa (Fig. 7f, g ) can be clearly separated from F. magna by having six CVs located near the right body margin, each with six to eight collecting canals (vs single CV located near the left body margin and with no canals in F. magna).
F. leucas (Fig. 7h, i) , which is also variable in size, can be distinguished from F. magna by the location of the CV in the anterior half (vs in posterior one-third) of the body, the possession of 12 canals associated with the CV (vs canals absent) and in having fewer (100-120 vs 165-216) somatic kineties (Dragesco & Dragesco-Kernéis, 1986; Foissner et al., 1994) .
F. magna can be separated from the marine congener F. marina (Fig. 7j, k) by having more somatic kineties (about Descriptions of two novel marine Frontonia species 200 vs 120), fewer postoral kineties (4 vs 7) and fewer kinety rows (5 vs 6) in peniculus 1 (Dragesco, 1960; Roque, 1961b) .
Although several important details of the morphology of F. azerbaijanica (Fig. 7l, m) remain unknown, F. magna can be separated from it by having a smaller body size (300-450 vs 600-650 mm), about 200 tightly arranged somatic kineties (vs 120-150 more widely spaced kineties) and 5 or 6 (vs 4) vestibular kineties (Alekperov, 2005) .
F. magna can be easily separated from F. tchibisovae (Fig.  7n, o) by its larger body size (300-450 vs 110-250 mm in length) and by having 5 (vs 4) kinety rows in each peniculus and 165-216 (vs 127-149) somatic kineties .
Phylogenetic analysis of the genus Frontonia
In the SSU rRNA gene tree, the members of the class Oligohymenophorea grouped into five clades that correspond with the five subclasses, i.e. Mobilia, Peniculia, Scuticociliatia, Hymenostomatia and Peritrichia, which is consistent with previous findings (e.g. Fokin et al., 2006; Li et al., 2006; Gao et al., 2008; Zhan et al., 2009) . F. mengi and F. magna were unambiguously placed in the 'core' Frontonia clade and showed a close relationship to each other, although their positions in the BI and MP trees are interchanged. The placement of F. didieri within the Paramecium-Apofrontonia clade, rather than in the Frontonia clade, is consistent with the findings of Gao et al. (2008) . Based on its morphological characters, however, F. didieri undoubtedly belongs to the genus Frontonia, suggesting that the genus may be polyphyletic. However, such a conclusion would be premature given that it is based on SSU rRNA gene sequences of only eight of more than 40 nominal species of Frontonia. Clearly, SSU rRNA gene sequences for more species of Frontonia are required in order to elucidate the systematics of the genus. 
